METHOD FOR MANUFACTURING GATE SPACER FOR SELF- ALIGNED CONTACT 



This application claims the benefit of Korean Patent Application No. 2001-1572, filed 
on January 11, 2001, under 35 U.S.C. § 1 19, the entirety of which is hereby incorporated by 
5 reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention , 
1 0 The present invention generally relates to semiconductor device fabrication and, more 

p particularly, to methods for manufacturing a gate spacer for self-aligned contacts. 

C! 

4= 2. Description of the Related Art 

SI 

Fig. 1 is a cross sectional view, illustrating a storage electrode contact hole (18a) and 
T5 a bit line contact hole (1 8b), exposing a blanket etch stop layer 1 1 in a cell array region of a 
Ci semiconductor memory device, taken along a direction parallel to bit lines (not shown). The 

storage-electrode contact hole (1 8a) and a bit line contact hole (1 8b) are typically formed 
y using a self-aligned contact (SAC) process. Thus, the SAC process can be used for forming 
ill contact pads, which in turn form another contact for conductive lines in the subsequent 
20 processing steps. 

This conventional SAC process uses a hard mask (10) and a gate spacer (14), which 
are formed of a dielectric material such as silicon nitride having high etching selectivity with 
respect to an interlayer insulating layer (16) formed of a dielectric material such as oxide. 
Because the hard mask (10) and the gate spacer (14) are formed of a material having high 
25 etching selectivity, i.e. a slower etch rate than the material used for the interlayer insulating 

layer (16), the SAC process selectively etches the interlayer insulating layer (16) between gate 
structures at a faster rate than it etches the gate spacer (14) and the hard mask (10). Thus, the 
contact holes (18a, 18b) can be formed even when a photoresist pattern defining the contact 
holes is not precisely aligned. 
30 Fig. 2A illustrates the shape of conventional gate spacer (14) formed of a dielectric 

material such as a silicon nitride, after a self-aligned contact hole 18a is formed in the 
interlayer insulating layer (16) using the SAC process. As semiconductor devices 
continuously scale down, very fine patterns are formed in semiconductor devices. Thus, the 
aspect ratio of contact holes is increased and the etching margin of the SAC process is 
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significantly reduced. Further, the spacing between contact holes is smaller than that between 
a pair of facing gate electrodes, which results in defects such as pad bridges. 

To solve the above-mentioned problems, recently, in the SAC process, a polysilicon 
layer on the top of a gate stack is removed by a chemical mechanical polishing (CMP) 
process to separate nodes, as illustrated in Fig. 2B and Fig. 2C. 

However, such a SAC process typically requires over-polishing during the CMP 
process, resulting in a loss of the polysilicon layer as illustrated in FIG. 2C. Additionally, if 
more polysilicon layer is lost in the subsequent cleaning process, the size of the pad contact 
hole is further reduced, substantially degrading device characteristics. 

SUMMARY OF THE INVENTION 

To overcome the above-described problems, the present invention provides a method 
for manufacturing a novel gate spacer for a self-aligned contact enlarging the size of the pad 
contact hole and improving the SAC process margin. 

According to one embodiment of the present invention, a gate stack is formed on a 
semiconductor substrate. A conformal dielectric layer is then formed over the gate stack. An 
etch-stop material layer, e.g., a photoresist layer, is formed over the conformal dielectric 
layer. Next, an upper portion of the etch-stop material layer is removed to expose an upper 
portion of the conformal dielectric layer by techniques such as etching back. Subsequently, 
the exposed conformal dielectric layer is etched back using the remaining etch-stop material 
layer as an etch stopper. The remaining etch-stop material layer is then removed. Finally, 
the etched-back conformal dielectric layer is etched back to form a gate spacer. 

As a result, the etching process margin of the contact formation process can be 
increased and the size of the pad contact hole can be increased lengthwise. Further, an aspect 
ratio of the contact hole can be reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
For a more complete understanding of the present invention and the advantages 

thereof, reference is now made to the following descriptions taken in conjunction with the 

accompanying drawings, in which like reference numerals denote like parts, and in which: 
Fig. 1 is a cross sectional view illustrating a storage electrode contact hole and a bit 

line contact hole of a cell array region in a semiconductor memory device, taken along the 

direction parallel to bit lines; 
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Fig. 2A is a cross sectional view illustrating the shape of an etched prior art gate 
spacer and a self-aligned contact hole after a SAC etching process; 

Fig. 2B and 2C are cross sectional views of the conductive material formed within the 
conventional SAC contact hole, and a contact pad formed within the SAC contact hole using 
the prior art gate spacer; 

Fig. 3 A to Fig. 3F illustrate a method for manufacturing a gate spacer for a SAC 
process according to an embodiment of the present invention; 

FIG. 4A is a cross sectional view illustrating a SAC contact hole formed using a novel 
gate spacer according to an embodiment of the present invention; and 

Fig. 4B and 4C are cross sectional views of the conductive material formed within the 
SAC contact hole, and a contact pad formed within the SAC contact hole according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION 

Reference will now be made in detail to preferred embodiments of the present 
invention, example of which is illustrated in the accompanying drawings. Like reference 
numerals denote like parts in diagrams shown in the present invention. 

Fig. 3 a to Fig. 3f illustrate a method for manufacturing a gate spacer for the SAC 
process according to an embodiment of the present invention. 

In Fig. 3a, a gate stack (13) is formed on a semiconductor substrate such as a silicon 
substrate (2). The gate stack (13) includes a gate dielectric layer (6), a gate electrode (8), a 
hard mask (a capping layer) or a gate mask (10), a patterned oxide layer (12), which are 
formed using conventional techniques. The gate electrode (8) preferably comprises a polycide 
layer, e.g., a layer comprising a polysilicon layer and a tungsten silicide layer (WSi). 
Preferably, the polysilicon layer and the tungsten silicide layer are formed to a thickness of 
approximately 1000 A and 1500 A, respectively. 

The hard mask (10) preferably comprises a silicon nitride (SixNy) with the patterned 
oxide layer (12) stacked thereon. The hard mask (10) and the patterned oxide layer (12) are 
preferably about 1500 A and 1000 A, respectively. 

After the gate stack (13) is formed, a conformal dielectric layer (14) is deposited over 
the gate stack (13) to a thickness of about 700 A, as shown in FIG. 3 A. The conformal 
dielectric layer, e.g., a gate spacer layer (14) preferably comprises silicon nitride. 

Referring to FIG. 3B, a photoresist layer (24) is then deposited over the gate spacer 
layer (14). The photoresist layer (24), formed of an organic material, is preferably formed to a 
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thickness of more than 1000 A. A person skilled in the art will appreciate that other organic 
materials having similar properties and suitable for this invention can be substituted for the 
photoresist layer (24). 

Now referring to FIG. 3C, an etch back process is performed on the photoresist layer 
5 (24) to remove an upper portion of the photoresist layer (24) and to expose a top portion of 
the gate spacer layer (14). As a result, the photoresist layer (24) is remained as a remaining 
photoresist layer (24'), and the gate space layer (14) is remained as an etched-back gate 
spacer layer (14') in accordance with an embodiment of the present invention. The top 
portion of the gate spacer (14") is preferably at least 400 A higher than the top surface of the 
10 gate electrode (8) in subsequent processing steps. Preferably, this photoresist etching process 
□ uses TCP equipment and a gas mixture of SF6, CF 4 , O2 and HBr. 

Referring to FIG. 3D, an etch back process is performed on the exposed gate spacer 
4] layer (14) to formed an etched-back gate spacer layer (14') using the remaining photoresist 
up layer (24') as an etch stopper as mentioned above. 

|*f5 Referring to FIG. 3E, the remaining photoresist layer (24') is removed by 

Q conventional techniques such plasma ashing and stripping and thus the etched-back gate 

spacer layer (14') is substantially fully exposed. 
!?;[ Referring to FIG. 3F, the etched-back gate spacer layer (14') is again etched back to 

Til form a gate spacer (14") on the sidewalls of the gate stack (13). Consequently, the gate spacer 
20 (14") or the gate spacer shoulder has a shoulder substantially lower than the top surface of the 

hard mask (10) and at least more than 400 A above from the top surface of the gate electrode 

(8). 

A blanket etch stop layer (not shown) is formed overlying the gate stack (13) and the 
silicon substrate (2) for a SAC process. This blanket etch stopper layer protects the silicon 
25 substrate 2 and device isolation regions (not shown) from etchants during the SAC process. 

Then, an interlayer insulating layer (16) such as a BPSG (Boron Phosphorus Silicate 
Glass) layer is deposited over the gate stack (13) to a thickness of, for example, 
approximately 9500 A. 

Next, as shown in FIG. 4A, the SAC process is performed to form a SAC contact hole 
30 (1 8a) within the interlayer insulating layer (16) between the gate stacks (13) using the blanket 
etching stop layer (not shown), the gate spacer (14) and the hard mask (10), as an etch 
stopper. It is desirable that the loss of the oxide layer (12) and the hard mask (10) be minimal 
during the SAC process. Thus, the SAC contact hole (18a) according to an embodiment of 
the present invention has a shoulder lower than that of the conventional process. 
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As show in FIG. 4B, subsequently, the SAC contact hole (18a) is filled with a 
conductive material (22). Then, as shown in FIG. 4C, a CMP process is performed on the 
resulting structure including the conductive material to form contact pads. 

As a result, the etching process margin of the contact formation process can be 
increased and the size of the pad contact hole can be increased lengthwise. Further, an aspect 
ratio of the contact hole can be reduced. 

According to an embodiment of the present invention, it is desirable that, firstly, a 
recess in a silicon substrate maintain in the present level during the formation of a spacer by 
etching; secondly, the loss of an oxide be minimized during the formation of the silicon 
nitride (SixNy) spacer by etching; finally, the oxide on the gate mask remain during the SAC 
etching and the etch stop layer (SixNy) etching. 

While the invention has been particularly shown and described with reference to 
preferred embodiments thereof, it will be understood by those skilled in the art that the 
foregoing and other changes in form and details may be made therein without departing from 
the spirit and scope of the invention. 
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